Solid radioacti ve waste storage requires a h i g h degree of cont a i ner integrity . T h i s paper describes the technique s developed a t Battell e-Northwe st t o nondestru ctively inspect end cap welds for cesium and strontium waste container s. Ultrasoni c methods have been defined for 1 ocati ng weld anomal i es and acoustic emission technique s are currently being evaluated as an additiona l method t o monitor weld qua1 i t y . I n i t i a l ultrasoni c and acoustic emission data taken w i t h prototype equipment have exhibited good correlatio n w i t h destructi ve analysis of sample capsule welds.
TECHNIQUES FOR NONDESTRUCTIVE. EVALUATION OF RADIOACTIVE WASTE CAPSULE END CAP MELDS

C. Crowe SUMMARY A program has been f o r m u l a t e d a t B a t t e l l e -N o r t h w e s t L a b o r a t o r i e s t o a p p l y s t a t e -o f -t h e -a r t n o n d e s t r u c t i v e e v a l u a t i o n techniques t o s o l i d r a d i o a c t i v e waste c o n t a i n e r s . I n c l ~d e d i n t h e e v a l uation. program a r e
procedures designed t o determine upper and l o w e r end cap w e l d q u a l i t y .
Weld q u a l i t y i s e s t a b l i s h e d through t h e use o f a c o u s t i c emission we1 d m o n i t o r i n g and ultrasonic i n s p e c t i o n techniques. Unique u l t r a s o n i c scanning methods have been developed f o r i n s p e c t i o n o f t h e end cap welds.
The u l t r a s o n i c data p r e s e n t a t i o n methods i n c l u d e d i n t h e i n s p e c t i o n system produce readable, e a s y -t o -i n t e r p r e t . r e c o r d s o f t h e weld i n s p e c t i o n . Seve r a l sample end cap welds have been m o n i t o r e d and inspected. Metal l og r a p h i c s e c t i o n i n g has c o n f i r m e d t h e accuracy o f t h e u l t r a s o n i c i n s p e c t i o n system. The u l t r a s o n i c and a c o u s t i c e m i s s i o n d a t a compare v e r y f a v o r a b l y f o r t h e i n i t i a l samples. .Future development o f t h e t e s t i n g t e c h n i q u e d e v e l o p e d ' d u r i n g t h i s program appear appl i cab1 e t o o t h e r t e s t specimens. H i g h speed d a t a p r e s e n t a t i o n devices may a l l o w a p p l i c a t i o n o f t h e s e u l t r a s o n i c techniques t o p r o d u c t i o n o p e r a t i o n s . INTRODUCTION
I
The problem o f s a f e s t o r a g e o f r a d i o a c t i v e waste m a t e r i a l s has l e d t o . t h e imp1 ementation o f programs designed t o encapsulate t h e s e wastes i n h i g h i n t e g r i t y c o n t a i n e r s . A s p e c i f i c example i s a program c u r r e n t l y underway t o doubly encapsulate s o l i d i f i e d s t r o n t i um f l o r i d e and cesium chloride. The nondestructive evaluation program associated w i t h t h i s encapsulation project incl uaes techniques f o r determining the qual i t y of the waste container upper and lower end cap welds. This paper b r i e f l y describes the nondestructive evaluation procedures currently being developed t o assure end cap weld i n t e g r i t y . Ultrasonic a'nd acoustic ernission t e s t r e s u l t s f o r sample end cap welds a r e presented and areas f o r future development of these inspection techniques a r e outlined.
. .
CONCLUSIONS
// e The application of ultrasonic inspection procedures t o the waste capsule end cap welds has been made possible by proper weld design, This points 'out the importance of i n i t i a t i n g a nondestructive evaluation program early i n the design .stages of simi l a r projects, where we1 d qual i t y i s c r i t i c a l .
Data presentation techniques, such as the s p i r a l t r a c e recording -.
. method, which produce accurate and r e l i a b l e data displays a r e very important f o r f a s t and accurate determination of end cap weld . .
quality. These displays aid metallographic sectioning procedures and a r e valuable i n determining the detection c a p a b i l i t i e s of the u l trasoni c sys tem.
Acoustic emission weld monitoring techniques have shown promi sing r e s u l t s when applied t o end cap welds; however, additional work must be performed i n order t o determine the f u l l c a p a b i l i t i e s of I t h i s technique.
Future development of t h e ultrasonic scanning and data presentation techniques should produce data displays capable of recording several parameters of the ul trasonic data. Production appl ications of ul t r asonic scanning methods may require high speed recording methods , s i m i l a r t o the CRT display used i n the end cap weld inspection sys tem.
NONDESTRUCTIVE EVALUATION PROGRAIll
The,Nondestructive Testing Section of Battelle-Northwest has t h e responsibility of developing a ,comprehensive nondestructive evaluation (NDE) program t o assure the i n t e g r i t y of these storage capsules. An extensive t e s t i n g program has been formulated t o provide NDE throughout the. encapsulation process. This program i s out1 i ned below:
. Raw Material Inspection Ultrasonic and f l uorescent penetrant inspection a r e t o be performed on t h e tubing used f o r t h e waste capsule walls. Waste capsule end caps wi 11 a1 so undergo ultrasonic and fluorescent penetrant i nspecti ons .
Lower End Cap Weld Inspection
The bottom end cap weld f o r both inner and outer capsules will be inspected by fluorescent penetrant and ultrasonic inspection.
Final Closure We1 d
The top end cap weld of both inner capsules will be tested by helium leak detection t o insure weld i n t e g r i t y . The top end of both outer capsules . w i l l be ultrasonically inspected. Acoustic emission weld monitoring techniques a r e currently being studied f o r application t o these welds.
Survei 11 ance Methods a r e currently being considered t o provide long term surveillance of the i n t e g r i t y of the stored capsules. A periodic ultrasonic scan of the outer capsule wall appears t o be the most promising method a t the present time.
The ultrasonic end cap weld inspection i s of p a r t i c u l a r i n t e r e s t since the f i n a l closure we1 d (upper end cap we1 d ) wi 11 necessarily be made inside a radioactive continment ("hot") c e l l . This requires a remotely operated t e s t system f o r inspection of the f i n a l closure weld of the outer capsule. The lower end cap welds will be inspected outside of the "hot" c e l l . Ultrasonic inspection of the end cap welds will provide information on the weld penetration depth and other anomalies i n the weldment area. Those welds which exhibit i n s u f f i c i e n t weld penetration o r contain other anomalies 'which may be detrimental t o the overall safety of the capsule storage program will be rejected as unsafe. The maintenance of a weld j o i n t para1 l e l t o the end cap surface.
Square outer corner of t h e end cap.
Extension of the end cap well below t h e weld area.
The r e l a t i v e l y small distance from the end cap surface t o t h e weld area.. The parallel weld j o i n t and end cap surface allow inspection of the weld area by a focused ultrasonic beam entering perpendicular t o the end cap as shown i n Figure 2 . The square corner of the end cap maintains a surface perpendicular t o the ultrasonic beam f o r proper focusing a t the weld j o i n t . The unwelded length of the weld j o i n t ref l e c t s a portion of t h e incident ultrasonic energy. Weld anomal i e s such as cracks, porosity, o r inclusions can be located i n the same manner, ~xtens'ion of the end cap well below the weld area disallows interference of t h e ultrasonic beam reflections from t h i s surface with the r e f l e c t i o n from the weld j o i n t . Maintenance of a r e l a t i v e l y thin end cap reduces the amount of signal attenuation and permits. good signal-to-noise r a t i o s t o be maintained.
ULTRASONIC INSPECTION SYSTEM
A v e r s a t i l e ultrasonic t e s t system has been designed t o perform the ul trasoni c i nspecti ons previously mentioned, incl udi ng the end cap weld inspection. The system consists of a "remote" t e s t tank located inside the "hot" c e l l , a local t e s t tank, and a control console common t o both the local and remote t e s t tanks. A basic o u t l i n e of the ultrasonic inspection system i s given i n Figure 3 The t e s t tanks perform t h e required capsule positioning and rotat i o n , transducer manipulations , and other mechanical functions. Pulse generation and signal preamp1 i f i c a t i o n c i r c u i t r y a r e the portion of the electronics located a t the t e s t tanks. The control console contains t h e signal processing electronics and data readout mechanisms, A hig,h
degree of versati 1 i t y -has been maintained t h r o u g h o u t the system 'design;
. . ' e s p e c i a l ly i n the data readout and presentation portions. An X-Y recorder, a s t r i p c h a r t recorder, and an oscilloscope are available f o r use i n presentation of the inspection r e s u l t s . Figure 4 .
/ Acoustic emissions generated during o r shortly a f t e r the we1 ding process a r e detected via a sensor located near the weld. These signals a r e processed and recorded on a s t r i p chart recorder. Welds exhibiting above average acoustic emission a c t i v i t y a r e suspected of containing cracks, inclusions , o r some other form of we1 d anomaly. During the nondestructive evaluation program, we1 ds which generate a large number of acoustic emissions a r e subjected t o metallographic examination t o r e l a t e acoustic emission output with weld qua1 i t y . Correlation of the acoustic emission data with ultrasonic inspection r e s u l t s provides additional i nformation on weld qua1 i t y . .
ULTRASONIC INSPECTION TECHNIQUE
The technique-used t o ultrasonically Snspect the end cap weld re-'quires rotation of the waste capsule. Precise location and r o t a t i o n of the capsule a1 low the transducer focal point t o scan the weld area as the capsule i s rotated.. ~u r i n g rotation of the capsule, the transducer is translated inward toward the center of t h e capsule'producing an inward s p i r a l path traced out by t h e focal point. Figure 5 i l l u s t r a t e s the scanning technique and transducer location. A precise location of the i n i t i a l s t a r t i n g point of the scan i s attained by locating a reference point on' the end cap p r i o r t o s t a r t i n g t h e scan. A small identation i n ; the end cap has been used e f f e c t i v e l y as a reference mark and has allowed precise locations of weld flaws. This location accuracy i s essential f o r . successful metallographic sectioning.
A t e s t standard end cap (shown i n Figure 6 ) has been used during the i n i t i a l p h z a of the t e s t i n g program t o properly evaluate the inspection technique. The t e s t standard consists of an end cap containing The X-Y recorder map produces a t r u e magnification of the scanned area and the anomaly shape. a s seen by the focal point of the transducer. Thus, the round . d r i l l holes i n t h e t e s t standard end cap a r e accurately reproduced on the recorder scan. The t r u e magnification of weld anomalies make t h e X-Y recording:technique very a t t r a c t i v e from the standpoint of data i n t e r p r e t a t i o n .
. , The small s i z e of the CRT face r e l a t i v e t o t h e X-Y recorder t r a c e requires t h a t only the magnified portion of t h e weld be shown on the CRT. The subsequent reduction i n scan diameter r e s u l t s i n a scan which i s magnified i n the radial direction but not i n t h e circumferential direction. This creates a d i s t o r t i b n i n anomaly shape as can be seen i n the CRT scan of the t e s t standard holes (Figure 7 ) . Large diameter CRT displays could be used t o eliminate the d i s t o r t i o n and produce accurate representations of weld anomalies; however, a l a r g e diameter CRT was not available when these scans were made. The hi yh speed, accuracy, and r e l i a b i l i t y of CRT displays make them the desired method of data display f o r high speed ul trasoni c inspections . Standard ' p l o t t e r s or scope cameras can be used t o produce permanent records of the displays.
ACOUSTIC EMISSION MONITORING TECHNIQUES
The acoustic emission a c t i v i t y generated during the end cap welding precess i s detected by a sensor located near the weld -area. The monitoring period i s s t a r t e d a t the beginning of the welding process and continues f o r approximately one.minute a f t e r the welding arc i s broken. The sensor output is amplified and processed by an acoustic emission monitoring instrument. A s t r i p chart recorder i s used t o record the monitor output s i g n a l . Comparison of acoustic emission monitoring records f o r "normal" and .
intentionally defected welds indicates the acoustic emission a c t i v i t y anticipated f o r naturally occurring we1 d defects.
WELD INSPECTION RESULTS
The s p i r a l scan recording technique has been used on several 304L s t a i n l e s s ... s t e e l end cap welds which were inspected w i t h a prototype of the ultrasonic t e s t system. Sample capsules containing i n s u f f i c i e n t weld penetration and intentional weld defects were inspected t o determine the detection c a p a b i l i t i e s of t h e t e s t system. Figure'8 is the X-Y recorder scan f o r a capsule lacking f u l l weld penetration. The outer circumference of the scan corresponds t o the outer edge of the end cap.
Comparison of t h i s scan w i t h the t e s t standard scan indicates a 50 t o 60% weld penetration. 100% weld penetration i s defined as complete fusing of the weld j o i n t t o a depth' equaling capsule wall thickness. Note the variations in penetration depth around the circumference of the weld. Areas containing unexplained variations i n penetration a r e prime candidates f o r metal 1 ographi c sectioni ng and exami nation. The photomicrograph (Figure 8 ) of a section of t,his weld confirms the ultrasonic scan indication of 50% weld penetration a t t h a t point.
A similar scan of an i n t e n t i o n a l l y defected weld sample i s shown i n Figure 9 . The weld was defected by introducing a foreign metal i n t o the weld a t the points marked on the scan. The metallographic section photomicrograph indicates the foreign metal introduced i n t o t h e weld resulted i n an unfused weld j o i n t . The unfused portion of the weld j o i n t was detected by the ultrasonic scan and recorded on the scan record.
A comparison of the acoustic emission output f o r normal and intent i o n a l l y defected welds i s made i n Figure 10 . The acoustic emission output f o r the defective weld i s s u b s t a n t i a l l y higher than the output from a normal weld. These r e s u l t s indicate acoustic emission monitoring techniques can be val uabl e i n determining end cap we1 d qua1 i t y .
. The current development program a t Battelle-Northwest i s expected t o include ultrasonic inspection of additional capsule materials such . as 316 SS and Hastalloy C-276. Normal welds and i n t e n t i o n a l l y . defected welds of the materials will be inspected. Correlation of acoustic emiss i o n , ultrasonic, and metal lographi c data from t h i s program wi 11 provide the background data required f o r the end cap weld q u a l i t y assurance program.
FUTURE DEVELOPMENT AREAS
CRT recording techniques have several advantages over other data display methods f o r high speed, prod-uction type applications. The development of t h e CRT recording method f o r application t o end cap welds can be f u r t h e r refined t o present additional ultrasonic data. One tech-; nique currently being considered f o r displaying sig,nal amp1 i tude i nformation would use a color display console. The location of a weld anomaly would position i t on the CRT face. Variations i n signal amplitude could be presented as color changes on the screen. This method could a l s o be used t o display depth-of-flaw information by control l i n g the color combinations with signals corresponding t o ' the timing of reflected ultrasonic indications i n the t e s t specimen.
permanent records of CRT scanning displays a r e possible by two methods. The more obvious method i s standard CRT photogranhy usjng a camera mounted on the face of the CRT. In addition, the display informat i o n could be recorded on video tape. Either of these methods would pr.ovide permanent records of the inspection r e s u l t s which can be e a s i l y stored f o r future reference.
The spi-ral ultrasonic scanning technique i s not limited t o t h e inspection of end cap welds. Large areas can be scanned using t h i s method, such as the e n t i r e waste capsule end cap. Further development o f t h i s scanning technique could permit i t s application t o the u l t r asonic inspection and data readout f o r other shapes and s i z e s of specimens. . ,
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